unsuccessful in cases where there is extensive infiltration and we have in recent years endeavoured to avoid the necessity for this additional irradiation by extending the volume and improving the dosage distribution of the original deep X-ray treatment. As a result of these alterations in our technique the local recurrence rate has diminished considerably. Table I shows the results obtained in all cases of malignant disease of antrum and/or 1936-1950 115 32 (27-8%) 99 32 (32-3°%) ethmoids seen at the Middlesex Hospital from 1929 to 1950 inclusive. The cases are divided into an early group treated by varied techniques before 1936 and three later groups each of five years, all treated by our present method. The five-year survival rate has improved steadily, rising from 9 1 % in treated cases before the introduction of the present method to 21 2%, 296 % and 43 6y%. Not all the five-year survivors are free from disease and of the 17 patients in the last group who were alive five years after the first treatment 7 were thought to have disease still present-an apparent cure rate of 25-6y%. The result of the more intensive treatment has been, therefore, not only to increase the number of cures but also to increase the average length of life in the failures. An attempt was made to assess the relation between the results of treatment and the histology of the tumour but there were too few cases in each group for any definite conclusions to be drawn except, perhaps, in the case of adenocarcinoma in which the results confirm the impression of apparent cure followed by late recurrence.
Causes of failure.-0 of the 132 cases developed blood-stream metastases and in 11 there was spread to the lymphatic glands. The most important complication by far was the local recurrence which occurred in no less than 35 of the 132 patients-1I times in the antrum and 24 in the orbit or ethmoids.
While recurrence in the antrum is rare with our present technique, recurrence in the orbit and ethmoid remains a very serious problem, which must be overcome if the results are to be further improved. Because of the high incidence of involvement of orbit and ethmoid when the cases are first seen-it was present in 65 8 % of the cases treated between 1946 and 1950-these are presumed to be involved in every case, and are therefore included in the first treatment with deep X-rays. The sight of the eye on the side of the growth is thereby endangered but loss of sight is rare except where the orbit is extensively infiltrated or infected. Every precaution is taken to reduce the irradiation received by the other eye and each case is carefully planned with this object. Fig. 1 shows a transverse section through the middle of the antrum. Superimposed upon it is the plan and dosage distribution of a four-field deep X-ray treatment. (For this physical chart, as for most of the others, I am indebted to Mr. C. Gregory, now working in the Physics Department at Mount Vernon Hospital.) On the side of the tumour, there are two long fields, 4 or 6 cm. wide, which extend from above the level of the frontal sinus down to below the floor of the antrum; the lateral field is directed medially and forwards and the 530 20 ;,,.
anterior field backwards and medially. On the unaffected side, there is an anterior field -usually 4 cm. wide-which extends from the lower margin of the orbit to below the hard palate. This field is directed medially and backwards, the angle depending upon those of the other fields and upon the anatomy of the part. Since with three fields only the dose is too low posteriorly a lateral field is usually added on the sound side and is directed medially through the back of the normal orbit and antrum to the posterior part of the diseased antrum and orbit. The addition of this field brings the posterior part of the antrum into the high dosage area. Fig. 2 shows a transverse section through the centre of the orbit. The same four field plan is being used but we are now above the level of the small anterior field on the sound side and the dose received is due to a combination of anterior and lateral fields on the side of the diseased antrum and the lateral field on the sound side. The dosage in most of the orbit and ethmoid region is satisfactory but an inadequate quantity of radiation reaches the anterior ethmoid cells and the antero-medial part of the orbit, which are often infiltrated with growth. A small field, usually 2 cm. wide, is therefore added at the inner canthus on the sound side ( Fig. 3 ) and is so placed and angled as to reduce to the minimum the dose received by the eyeball to be preserved. In this example the medial part of the eyeball receives a maximum dose of 30% of that received by the tumour. The cerebrum also receives little radiation. Fig. 4 shows a coronal section through the centre of the antrum and anterior part of the eyeball. The antrum, floor of orbit and ethmoids are all seen to be in the high dosage area, while the orbit on the sound side receives relatively little radiation.
I should like to thank Miss Hewland and Mr. The Treatment of Carcinoma of the Maxillary Antrum and Ethmoids by Supervoltage Irradiation I wish to describe the ideas we have had at Mount Vernon Hospital for the treatment of carcinoma of the maxillary antrum and ethmoids by the supervoltage machines installed there.
The 1,000 curie cobalt60 Theratron is designed to be fully rotational; that is, in one plane, it will rotate for 3600, or less, around the patient. It is impossible accurately to rotate in the sagittal or coronal planes, and we are limited in this type of case to a plane parallel to Reid's base line. The large size of the cobalt source, compared to the focal spot of X-ray machines results in an unavoidable and considerable penumbra. Fig. 1 is a plan of a partial rotation of 1400 superimposed on an anatomical specimen to show the distribution of dose. The anterior ethmoidal cells are relatively underdosed and too great a volume of tissue is irradiated. The contralateral eye receives a higher percentage dose, chiefly as transmitted radiation and therefore unavoidable, than we can accept if sight is to be preserved in that eye. Fig. 2 illustrates the coronal distribution.
We have therefore concluded that rotation therapy on the Theratron is unsatisfactory in these cases. The 4MeV Linear Accelerator has so far been available for fixed field therapy only. It has very sharply defined beams, variable over a wide range of size. Fig. 3 is a typical dosage distribution achieved with two fixed fields, the posterior oblique receiving only half the anterior incident dosage. Fig. 4 confirms that a satisfactory distribution in the anterior and posterior ethmoids and the sphenoidal sinus is not obtained at the expense of the contralateral eye. The mid-line may be transgressed and the eye still spared by using a lead shield 7 cm. thick. A dose rate of 1,200 rads per week to the tumour volume has not led to any serious reaction while the total dose delivered has been of the order of 7,500-8,000 rads.
It is too early to discuss the final results of treatment. Although the Theratron has now been in use for two and a half years, all the cases accepted for treatment were considered untreatable by any other means and yet achieved considerable palliation in the regression of the primary lesion. The Linear Accelerator has only been in use for one year. I have great pleasure in acknowledging the work of the Physicists at Mount Vernon Hospital, particularly that of Mr. C. Gregory, the help of the Medical Artists at the Middlesex Hospital, and the co-operation of the Photographic Departments of Mount Vernon and the Middlesex Hospitals. Cancer of the Antrum and Ethmoid-Classification and Treatment The following classification of cancer of the antrum, based on the anatomy of the maxilla, has been developed at the Royal Marsden Hospital:
(1) Zygomatic; (2) Palatine; (3) Frontal; (4) Alveolar.
(1) 16 patients belonged to the zygomatic group and the main feature was pain. Orbital invasion occurred early and trismus was frequently present. Nodes occurred in 4 cases out of 16.
(2) 17 patients belonged to the palatine group where disease has usually spread to the nose and often through the palate into the mouth. The external swelling was in the region of the naso-labial fold. Nodes were never present initially and developed in only one case.
(3) Tumours occurring in the region of the frontal process showed considerable pathological variety. Eye signs and symptoms predominated and epiphora was often present. Nodes were present in 6 cases and widespread metastases in 5 cases.
(4) The alveolar group was the largest, comprising 55 cases. Disease had spread to the mouth either as ulceration of the upper alveolus or as a mass palpable in the upper sulcus.
7 of the squamous group had nodes initially and 7 developed later. 11 of the 130 cases were unclassified either owing to the advanced nature of the disease or to the patient being seen only post-operatively.
At the Royal Marsden Hospital, treatment has always been a combination of radiotherapy and surgery. Preliminary radiotherapy in the form of external radiation is preferred for three reasons:
(1) An extensive tumour is more easily treated by radiotherapy than by surgery.
(2) An impaired blood supply is commonly thought to diminish the radiosensibility of neoplastic tissue.
(3) Subsequent surgery may be more safely restricted, particularly in relation to the orbit, as a result of treatment.
The two exceptions to this policy are (a) the very early case where the disease can obviously be completely removed by surgery, and (b) the zygomatic group of cases where the presence of cancer and sepsis in the dense bone of the zygomatic arch reduces tumour sensitivity and increases the risk of radionecrosis.
Preliminary drainage operations are not considered necessary. The treated area includes the maxilla, ethmoid, nasal fossa and orbit on the diseased side. 220 kV X-rays are usually used with 3 fields so arranged as to spare the whole of the orbit on the normal side. Theusual dosage is 4,500-5,000 r in five to six weeks. Direct corneal shielding is used on the diseased side. Bilateral cataracts occurred in 6 patients and unilateral cataract in 10, 3 of these mature radiation cataracts have been removed and good central vision resulted. 9 exenterations and 8 enucleations of the eye have been performed for disease and 2 eyes have been enucleated by the plastic surgeons but not one eye has been removed for radiation damage. Of those patients who had ocular surgery for disease, only one survives.
Our usual custom if nodes are present initially is to treat with radiotherapy, frequently using teleradium, at the same time as the primary is treated. 3 block dissections were performed in this group and all 3 patients survived five years. Cases treated with radiotherapy alone were usually too advanced for surgery to be performed. The early cases, and recently those with involvement of the zygomatic arch, were treated by surgery with subsequent radiotherapy. Intracavitary radium is not used as the primary method of treatment since by this method one cannot achieve adequate irradiation of ethmoidal or orbital extensions. Its use is restricted to: (i) local recurrence, and (ii) as a post-operative measure when residual disease is present after previous external radiation and has not been entirely removed.
Material and Results.-These are summarized in Tables I and II . In carcinoma of the maxillary antrum and ethmoid, the problem of treatment of the primary divides itself into three groups: (1) where the antrum alone is involved, (2) where the tumour is limited to the ethmoid, and (3) where both sinuses and the nasal cavity are involved.
The tumours in all these sites taken together, registered at the Christie Hospital from 1940-1950 inclusive, are first reviewed in a general way and thereafter the value of local radium as a treatment method, separately for the early and the late cases, is considered in more detail.
The material available for study is shown in certainly the predominating problem and it is perhaps surprising that in only 17 cases were antrum and ethmoid both considered to be involved.
The pathological distribution in each of the three groups was similar and they are therefore shown together in Table II. The major group consists of carcinoma and the reticuloendothelial group will not be further considered here. The "other" group consists of mixed salivary tumours, melanomata and myelomata.
The sex and age distribution shown on Table Ill, agrees closely with that quoted in Windeyer's (1943) series, with nearly one-third of the patients under 55 years of age.
The staging of these tumours is not very satisfactory, but we have accepted as early for antrum those cases where the estimated tumour volume was not greater than a sphere of 4 cm. in diameter, and where there were no metastases when the patient was first seen. The late group consists of those with a primary tumour of diameter greater than 4 cm., or with metastases already present.
The results of all methods of treatment in the treated cases are shown in Table IV . This shows a reasonable survival rate in the early group, but in the late cases the results are unsatisfactory.
The early cases are now considered in more detail. The first, and main, group consists of those early cases with disease confined to the antrum, and treated by means of a radium tube within the tumour mass. The background to this method of treatment is of some importance. Before 1937 a preliminary lateral rhinostomy was done, with removal of the main mass of the tumour, and a radium source enclosed in a sphere of sorbo rubber was introduced into the resulting cavity. Unfortunately the operative mortality from this combined procedure was high-12 patients out of 48 so treated died post-operatively of hemorrhage and sepsis. The method was clearly too severe for older patients, and those whose general condition was poor. It was therefore decided to use the tumour itself as the radium holder.
The method is well known (Paterson, 1948; Tod, 1948) ; briefly, the intention is to insert a radium tube as accurately as possible into the centre of the tumour, and to keep it there long enough to deliver the desired dose to the selected volume.
Since the object is to raise this volume to a radiotherapeutic tumour lethal dose, a high central dose must result, and since the bone is involved in the malignant process, sequestration of involved bone is to be expected. If drainage from the antrum is satisfactory following treatment, the reaction is not unduly severe and debris escapes via the hole through which the radium tube was inserted. Occasionally drainage becomes inadequate due to closure of the sinus by healing, or to its blockage by debris, and sepsis within the antrum may lead to severe local pain with later, if the condition is not relieved, a general toxaemia. The re-establishment of drainage, and the clearing out of sequestra, becomes essential in such cases, and is best achieved by removal of half of the palate, although in some cases sequestrectomy through the sinus is sufficient.
The actual radium used is a 25 mg. tube, 2 cm. long, and 03 cm. in diameter. It is contained in thin rubber tubing, one end of which is left long. The usual route of insertion is via the canine fossa, but occasionally, where palate or cheek is involved, it may be more satisfactory to go straight through the involved area. The tube is retained in position by stay sutures through the cheek, tied to the long end of the rubber tubing which protrudes into the mouth. The final position of the tube is shown in Fig. 1 general 8,000 r at the surface of a sphere 2 cm. from the radium source, was delivered. Where the tumour was more extensive, this dose was given at 2-25 cm. or at 2-5 cm. from the tube; in some advanced cases additional radon seeds were implanted in the palate, or a plane of radium was inserted in the cheek, to increase the dose in those areas.
The results of this method of treatment in the early antrum cases are shown in Table V . Histologically proved carcinoma 53 45% The next group to be considered is ethmoid carcinoma treated by a radium needle implant to the ethmoid area. In principle this has similarities to the antrum tube approach in that the dose is taken 1 cm. from the plane of the needles-and not at 0 5 cm. as in the ordinary single plane implant. This again means a high central dose, with a minimum dose, in seven days, of 6,000 r-8,000 r, at the sides of a slab of tissue and bone 2 cm. in width. The needles are inserted horizontally through bone and tumour, and vertically above each other, in the mid-plane of the growth. 3 mg. needles of 6 cm. total length, 4*5 cm. active length, are used. With the patient supine, a track for the upper needle is made first. Using a twist drill, or some other similar device, of the same diameter as the needle, a hole is made through the skin and nasal bone, 075 cm. from the mid-line, at the level of the resting pupils. A dummy needle is then pushed backwards through the ethmoid cells for a distance of 6 cm. in a plane parallel to the sagittal plane of the body, the end of the needle being aimed at a point about two fingerbreadths above the external auditory meatus. The dummy is removed, and the top needle inserted through the channel made for it. The remainder of the implant is then completed, with the needles rather closely together in order to achieve a dose rate of the order of 1,000 r per day at 1 cm. from the plane (Fig. 2) .
The results in the ethmoid cases so treated are shown in Table VI . Unfortunately only a fraction of the cases treated in this way were registered as early. The next group to be discussed consists of those patients treated by antrum tube combined with ethmoid implant, where both areas were considered to be involved. It has been necessary here to take the early and late cases so treated together, as most were designated late on the principle that when more than one site is involved the condition should be so staged, and even so the numbers areItnall. In general 8,000 r at 2 cm. from the tube, and 6,000 r at 1 cm. from the implant, weoie delivered in about seven days (Fig. 3) . The results are shown in Table VII. rIG In these early groups there were 3 deaths within one month of treatment and the main complication was the expected sequestration of involved bone. In only 16 % of the patients, however, was hemi-palatectomy or sequestrectomy necessary. The use of local radium, producing as it does a 5-year survival rate in the three groups of about 40 %, appears to be a satisfactory treatment method in reasonable cases. In the late cases, forming as they do more than half the patients referred, the situation is far less hopeful, and little difference is made to the results either by the site, the pathology, or the type of treatment. The detailed figures are shown in Table VIII . It is of interest that the five-year survival of all cases having block dissection of the neck for secondary nodes was also 70%. Apart from the antrum/ethmoid group, in which the staging may well be fallacious, as mentioned previously, and which includes some cases treated by tube and implant, advanced cancer in these sites is in the category of lung and cesophagus, so far as curability is concerned. Where the lesion is greater than 4 cm. in diameter, antral tube is certainly no better than any other method of treatment, and the only likelihood of improving the salvage is by producing a better X-ray technique. We have found conventional beam directed X-ray therapy to be unsatisfactory, and in view of this a number of patients with advanced lesions, considered to be beyond the scope of local radium, have been treated, since 1951, by a wedge field technique, using 250 kV radiation. This consisted of an anterior pair of wedge fields backed up by a single non-wedge field from behind. The tumour dose was 4,500 r or 5,000 r in three weeks, and 8 out of 17 patients treated are well at two years after treatment. This is certainly promising and worth persevering with, but it is too early to say how the ultimate result will compare with previous methods. It is certainly unlikely to be worse. On the strength of this initial success, a series of advanced cases is now being treated by an anterior pair of wedge fields on the 4 MeV Linear Accelerator. This lends itself admirably to the use of wedges, as the dose distribution diagram suggests (Fig. 4) , and although I would not substitute it at the moment for the radium approach in the early case, it may well improve considerably the results in the more advanced case, and in time, enter into competition with radium as a treatment method for the early.
Mr. C. P. Wilson (The Middlesex Hospital, London):
There is a natural tendency to emphasize the results of treatment and this emphasis is directed primarily towards the percentage of five-year cures or survivals; although the previous speakers have shown steadily improving results we must beware of adopting an attitude of complacency.
A 60% failure rate does not sound as good as a 40% cure rate and yet the incentive to progress must be in the investigation of failures rather than in the analysis of successes. The main factors emerging from an analysis of the failures suggest that direction of spread and localization of growths are considered in too narrow terms. In a few cases it is possible to talk of growth localized to the alveolar region, or the palate or antero-lateral wall, but in the majority one should think of the antra and ethmoids as one entity and not as two separate regions. [Mr. Wilson then showed two slides to emphasize this point.] Fig. 1 showing the extent of spread of growths when cases first presented for treatment is a   FIG. 1. -Malignant disease of antrum and ethmoid. Extent of disease before treatment. composite graph. The top line represents the total number of cases seen. The other lines represent the cases in which antero-lateral wall, orbit, nasal wall, ethmoid, alveolus and palate respectively were clinically involved in the spread of the tumour. They add up to very nearly three times the total number of cases. In other words, on first examination, spread had been on the average in three directions outside the antral cavity and antral walls. This extensive spread has made it evident, as stressed by Miss Snelling, that the conception of the volume of tissue to be covered in the original planning has in the past been far too conservative and must be revised very drastically if the whole of the tissue likely to be involved in the disease is to be included in the area of primary effective radiation.
A margin of cover of some 50 % more than would appear to be necessary as the result of clinical investigation should be considered and from what has been said it would appear that my radiological colleagues are fully aware of this and in agreement with it.
From the surgical aspect I have in general performed an intra-oral palatal antrostomy with exenteration of the whole ethmoidal region back to the sphenoidal sinus except in cases which were limited to the alveolar regions or the antero-lateral wall or palate. Occasionally this was modified by using a type of Moure's incision if the floor of orbit was obviously involved and sometimes I have gone on to interference with the orbit. I have rarely practised exenteration of the orbit except in cases of recurrent tumours where it should obviously have been done at the original operation but in which I have not had the courage to advise it because the sight in the eye involved was not impaired.
If it is felt that the radiological cover should be more extensive and complete than that hitherto given then the subsequent surgical exposure must follow suit as far as practicable.
Instead of intra-oral palatal antrostomy being the routine operation the surgeon should consider whether it is not really an operation to be used only in those cases limited to alveolus or antero-lateral wall or palate.
In many other cases where the antro-ethmoidal angle is involved the cheek must be turned aside and the whole of the inner wall and floor of the orbit removed. In those cases where there is at any stage clihical evidence of involvement of the orbital tissues, as shown by proptosis or other form of ocular displacement, exenteration of the orbit must be accepted as the logical form of surgical help, although I doubt if one could, in practice, justify destruction of an eye with normal vision.
If, as I believe is now the case, a logical and determined effort is made to irradiate effectively the whole of the affected area then the subsequent surgical intervention must be sufficient to expose that area as far as is technically possible. [February 15, 1957] Renal Arteriography in Hypertension Deputy Director Radiological Department, University College Hospital, London SoME five years ago when we started investigating the potentialities of radiology in the study of renal changes associated with hypertension our preliminary survey suggested various lines of investigation. One of these was the demonstration by means of arteriography of arterial changes in such kidneys and to this end it was necessary to establish (a) what such arterial changes might be, and (b) how far they might be defined by means of renal arteriography in vivo. This contribution is a brief outline of some of the positive results which have derived from this study.
To define the arterial changes we carried out an extensive investigation of the arterial trees of normal and abnormal kidneys of all kinds using the injection of post-mortem and excised specimens with radio-opaque material and subsequent radiographic examination as our method. At the same time we evolved a radiographic technique to define as far as possible the renal arterial and capillary circulation in vivo, carrying out aortography by means of catheterization of a femoral artery, and exposing X-ray films at the rate of one a second, with the radiographic factors adjusted so as to give maximum detail of the renal arterial tree.
Generalized renal arterial changes associated with hypertension.-Injection of a number of specimens showed that the changes which occur in hypertension are largely those due to degeneration of the walls of the arterial tree. They consist of (1) tortuosity of the finer branches of the arterial tree, (2) diminution in the number of interlobular vessels and arterioles, (3) diminution in the distance between the zone of the arcuate vessels and the surface of the kidney, i.e. a narrowing of the true renal cortex.
In the normal arterial tree tortuosity of the vessels is conspicuous by its absence. When early degenerative changes are present the first sign is tortuosity of the branches at the level of the arcuate vessels with a diminution in the number of twigs. In the more advanced cases these changes are accentuated, there being tortuosity of the interlobar vessels and sometimes of the main branches of the renal arteries with again further diminution in the number of peripheral twigs and a decrease in the thickness of the renal cortex.
Comparing these findings with the results obtained by renal aortography, tortuosity affecting the main branches, the interlobar branches and, in a good film, the arcuate vessels might be defined. As well, the thickness of the renal cortex can be shown during the capillary or "cortical blush" phase, but the diminution in the number of interlobular vessels is beyond the power of definition in vivo at the moment. In any case it appears that renal arteriography as a means of defining the generalized vascular changes occurring in arteriosclerosis is not likely to be of any great practical value although it certainly may give some evidence in doubtful cases. Renal biopsy appears likely to be an easier and more accurate means of determining these changes during life.
Localized changes.-In those cases of hypertension where the disease is not diffuse but is localized to a part of the kidneys or to part of one kidney the underlying pathological condition is usually localized chronic pyelonephritis, or, in a small minority of cases, a lesion of the main renal artery. Other rare conditions may be unilateral hydronephrosis or some form of obstruction to the urinary tract. I intend to deal only with the first two groups of cases.
Localized pyelonephritis.-.The structural change in the kidney which can be assessable radiographically is a coarse localized scarring, either atrophy or fibrosis or both, of a relatively
